Overweight and obese individuals are at increased risk for many diseases and health conditions, including but not limited to the following: hypertension; osteoarthritis; dyslipidemia; type 2 diabetes; coronary heart disease and stroke. Consequently, individuals who are obese are more likely to use health services and are more likely to use costly health services than non-obese individuals. Between 1987 and 2001, growth in obesity related health expenditures accounted for 27 percent of the growth in inflation-adjusted per capita health care spending. Researchers, popular press and the television news media have paid considerable attention to the effect that farm subsidies have on dietary habits and obesity. Prominent researchers in the field have concluded that US farm subsidies have had a negligible impact on obesity. However, even small increases in obesity rates are associated with higher health care expenditures. The primary intent of this study is to break down the linkages from farm subsidy to health expenditure and shed light on the unintended implications of the farm subsidy program. We find that agricultural subsidies have the potential to influence health care expenditures.
INTRODUCTION
Amongst all of the health care issues discussed by the public health community, the growth in obesity rates is frequently cited as one of the most pressing health care concerns in the United States and around the world. Worldwide, more than 1 billion adults are overweight and at least 300 million are clinically obese. Obesity rates vary from less than 5% in China and Japan to over 24% in Mexico. But even in relatively low prevalence countries like China, rates in some cities (i.e., Shanghai) are increasing dramatically [1] .
In the United States there were notable increases in the prevalence of individuals who were either overweight or obese in the last 25 years; and recent data indicate that more than half of US adults are considered overweight and one-third are considered obese [2] .
Overweight and obese individuals are at increased risk for many diseases and health conditions, including but not limited to the following: hypertension; osteoarthritis; dyslipidemia (i.e., high total cholesterol or high levels of triglycerides); type 2 diabetes; coronary heart disease and stroke [3, 4] . Consequently, individuals who are obese are more likely to use health services and are more likely to use costly health services than non-obese individuals [5, 6] .
While obesity rates were rising, national health care expenditures in the United States were also rising. Health care spending grew from 5.1 percent of US Gross Domestic Product (GDP) in 1960 to 8.8 percent in 1980; and by 2006, spending on health care reached just over 16% of the GDP, or about $2 trillion [7] .
The increase in health expenditures was, at least in part, due to rising obesity rates. In fact, between 1987 and 2001, growth in obesity related health expenditures accounted for 27 percent of the growth in inflation-adjusted per capita health care spending [8] . In absolute terms, obesity accounts for 5.5 to 7 percent of national health expenditures in the US [9] [10] [11] [12] [13] . The public portion of this amount is quite substantial; federal and state coffers finance approximately half of the total annual medical costs attributable to obesity [11, 12] .
Over the past few years, researchers, popular press and the television news media have paid considerable attention to the effect that farm subsidies have on dietary habits and obesity. A search of major US newspapers reveals that in the past two years there have been over 20 articles published on U.S. farm policy and how it encourages the production of commodities that have been linked to obesity.
Prominent researchers in the field have concluded that US farm subsidies have had a negligible impact on obe-sity [14] . This conclusion is not disputed. However, even small increases in obesity rates are associated with higher health care expenditures. The primary intent of this study is to break down the linkages from farm subsidy to health expenditure and shed light on the unintended implications of the farm subsidy program.
Background
During the early 1900s, the relocation of individuals from rural areas to the cities and the increasing world demand for food resulted in an increase in income for US farmers [15] . The end of World War One brought an increase in European food production and a decline in the international demand for food. Understandably, the price of food and the income of US farmers decreased. Although pressure mounted for the government to intervene and secure the financial viability of domestic farms, it wasn't until the Great Depression and Franklin Roosevelt's New Deal that a combination of price supports, income supports and supply management were introduced.
With price supports, farmers are guaranteed a minimum price for their crops; the price is usually set higher than the free market price, and the government maintains the high price by purchasing the surplus. Under ideal circumstances, when the market price does increase the government sells its stock. The drawback of this policy is that the government pays significant storage costs while waiting for the market price to increase.
Demand for US crops improved in the early 1970s when President Nixon arranged to sell 20 million tons of grain to the Soviet Union at subsidized prices. The Soviet Union endured a poor harvest season and looked to the world wheat market to thwart the looming food crisis. As a result of the agreement with the Soviet Union, the Department of Agriculture paid $140 million in subsidies to US traders. Shortly thereafter, there was a shortage in the grain market which resulted in an increase in grain prices [16] .
In order to increase farm production, while at the same time decrease its role as a buyer of farm products, the government began subsidy program in 1985. This program began with cotton and rice; soybeans, wheat and feed grains were added in later years. Under this policy, farmers can sell their crops on the open market at a price that is below the price support price and the government reimburses the farmer for the difference. Theoretically, under these circumstances, the farmer has an incentive to increase production thereby increasing income. Further, if the price reduction is passed on to the consumer, there is potential that the consumer may consume more than they otherwise would consume had the government not intervened.
Empirical results suggest that the effect of US farm subsidies on commodity prices is "mixed and modest", with the magnitude and direction dependent on the specific commodity [17] . Notwithstanding the magnitude of the price effects, farm subsidies in combination with the restriction of sugar imports are responsible for the growth of high fructose corn syrup (HFCS) as a caloric sweetener and the accelerated growth of an industry of highly processed inexpensive foods [18, 19] . HFCS is a unique product that costs less than sugar and can be used with a variety of foods. It is processed from hydrolyzed corn starch, contains a high level of fructose (about 50%) and a simple sugar carbohydrate. In an attempt to save money, food manufacturers incorporate HFCS into a variety of food production. In fact, between 1970 and 1990, the consumption of HFCS in the United States increased 1000% [20] .
In an effort to substantially alter the farm subsidy program, the 1996 farm bill directed the government to offer payments to farmers based on past production rather than current production. The purpose of the change in policy was to encourage the diversification of agricultural production that would allow for improved global food market competition. Unfortunately, declining commodity prices and farm income prompted legislation that fostered additional government's subsidization of the farm Industry. From 1998 to 2007, farmers received an annual average of $16.4 billion in government payments [21] . The most recent Farm Bill attempts to decrease the role that the US government plays in domestic farming by decreasing commodity subsidies by about $5 billion per year [22].
METHODOLOGY
The link from the farm subsidy to health care expenditures begins with the farmer. When a farmer receives a production subsidy from the federal government, the cost of farming decreases and the farmer has an incentive to plant more of the subsidized crops; more production means higher income. Once the crops are harvested, they are sold by the farmers to food producers.
The over planting of crops linked to subsidized farming can lead to a decrease in the price that food producers must pay to purchase these particular commodities. Empirical results linking subsidies to commodity prices yield mixed results; research suggests that agricultural subsidies lead to a 6 to 10 percent decrease in commodity prices [23] [24] [25] [26] . This range is reflective of the array of commodities that are associated connected to farm subsidies.
The food producer then takes all the inputs necessary, of which farm commodities are included, to make food that is available for the consumer to purchase. The price paid by the consumer for the final food product is influenced by many factors, one of which is commodity prices. Empirical analysis, which considers a whole host of factors that influence consumer prices, suggests that for every 1 percent decline in commodity prices, food prices decrease by 0.27 percent [27] . This measure of commodity price-food price responsiveness suggests that agricultural subsidies result in 1.6 to 2.7 percent lower food prices for consumers [17, 27] .
Step by Step calculations are presented in Table 1 .
For most goods, when the price of food decreases, consumers generally increase the quantity purchased (think Big Gulp). Of course other factors play into whether consumers increase food consumption (i.e., taste, food additions). That said, unless there is an increase in the calories burned, the increased consumption of food products leads to weight gain and the possibly of obesity. Recent research suggests that a 1 percent decrease in the price of food consumed at home corresponds to a 0.039 percent increase in body mass index (BMI) [27] [28] [29] [30] . This measure of food price-BMI responsiveness suggests that agricultural subsidies result in a 0.062 to 0.105 percent increase in BMI. This translates to a BMI increase of between 0.018 and 0.029 for a person with an average BMI of 28.
The final link in this chain is the connection of BMI to health care expenditures. Several studies have estimated the relationship between BMI and health care expenditures. Pronk et al. estimated that a one unit increase in BMI results in a 1.9% increase in median billed charges [31] . The Pronk study, however, used the full-range of BMI and thus assumed that the cost response of a 1 unit increase in BMI is constant across all BMI levels. In a 2006 study, Wang et al., estimated the increase in health care costs per unit increase in BMI for individuals with BMI between 25 and 45 [32] . In their study, Wang et al. used data from approximately 36,000 individuals who selected an indemnity or PPO medical insurance plan. Individual medical and pharmaceutical claims information from January 2001 to December 2002 was collected. They found that medical costs and pharmaceutical costs increased 4% and 7%, respectively, per unit increase in BMI.
The implications of all these links are not trivial. There is evidence to suggest that agriculture subsidies decrease commodity prices; lower commodity prices can in turn lead to a reduction in retail food prices; and a decrease in retail food prices can lead to increases in BMI. Further, increases in BMI can result in higher health care costs. In other words, by looking all these links as part of a larger set of relationships, we find that agricultural subsidies have the potential to influence health care expenditures.
RESULTS
Using our elasticity chain, we find there is potential for medical expenditures to be 0.072 to 0.116 percent higher and pharmaceutical expenditures are 0.126 to 0.203 percent higher than they would otherwise be without US farm subsidies. In terms that may be easier to comprehend, at the upper bound, medical expenditures, in the Table 1 . The effects farm subsidies have on health spending.
Step Action Evidence Effect Calculation 1 Subsidies result in a decrease in commodity prices.
Agricultural Subsidies lead to a 6% to 10% decrease in commodity prices presence of farm subsidies, may be $1.16 higher for every $1000; and in the presence of farm subsidies, pharmaceutical expenditures may be $2.03 higher for every $1000. Again, realizing that these are potential effects, not actual effects, for every $1 billion in medical expenditures, farm subsidies may increase expenditures by approximately $1.16 million. Although to some, the increases in health expenditures may appear quite modest, the impact at a national level cannot be minimized; the Medicare and Medicaid programs finance 19 percent and 15 percent, respectively, of the nearly $2.6 trillion in national health expenditures [33] .
DISCUSSION
In this paper, we use a series of measures (elasticities) to connect farm subsidies to health care expenditures. The intention is not to imply there is a direct causal link between farm subsidies and medical expenditures. We are simply creating a forum to discuss the possibility that farm subsidies are connected to medical expenditures.
Notwithstanding the policy implications derived from this work, limitations to this study must be acknowledged. One shortcoming is that the measure of the responsiveness of food prices to changes in commodity prices is not specific to foods and commodities linked to obesity. Likewise, the measure of the responsiveness of BMI to changes in food prices is not specific to obesity related foods. It is reasonable to assume that if more specific measures were available, the impact of agricultural subsidies on health expenditures may be higher or lower.
Finally, we do recognize that farm subsidies can also affect contamination of ground water, diesel exhaust, vegetable dust exposures, etc., which can also influence medical care expenditures. Furthermore, better methods of transportation, storage, freezing and preparation of precooked packages also contributes to the increased availability of farm related products and lower food prices. Even in the presence of these considerations, the conceptual link between farm subsidies and health expenditures cannot be overlooked.
CONCLUSION
The data used in this study are from the United States, but subsidizing farming is not unique to the United States. For example, agricultural subsidies are used in the European Union, Japan, and some African nations (i.e. Malawi) [34] . In many of these same nations, obesity rates are rising as are the strains on global health care budgets. As nations experience the health care consequences of rising obesity rates, such as higher rates of diabetes and coronary heart disease, they may in fact need to look to their agriculture policies as a potential source of the problem.
As Michael Pollan, author of the Omnivore's Dilemma, so succinctly states, "The nation's agricultural policies operate at cross-purposes with its public health objecttives" [35] . The US farm policy program encourages the production of commodities that have been linked to obesity. At the same time, the government, at the federal and state level, is engaged in and funding many programs that are designed to reduce the prevalence of obesity and health care costs in our country. For example, the majority of the $1 billion appropriated by Congress for disease prevention as part of the economic stimulus package supports the CDC's initiative to curb rates of obesity, heart disease and other chronic conditions [36] . This nonalignment of agriculture and public priorities needs to be addressed; and there is a compelling case for subsidizing the production of commodities that contributes to the public's health rather than detracts from it.
